Background: The scoring system and the activity of endometriosis in the peritoneal fluid (PF)
Introduction
Hepatocyte growth factor (HGF) was first discovered as a mitogen for adult hepatocytes (1, 2) and is identical to scatter factor (3) . Several lines of evidence have implied that HGF has mitogenic, motogenic and morphogenic functions in vitro on various epithelial cells derived from rodents and humans (4, 5) . Recently, the presence of c-Met, the receptor of HGF on human endometrial epithelial cells and endothelial cells, has been reported (6) . Synthesis of HGF by mesenchymal cells, coupled with demonstrated effects on epithelial and endothelial cells, suggests a paracrine mode of action (7) .
Furthermore, HGF has been shown to stimulate the proliferation, migration and morphogenesis of endometrial epithelial cell (8) .
Besides sex steroid hormones, the growth of endometriosis can be regulated by different cytokines and growth factors in pelvic microenvironment (9) (10) (11) (12) . A line of evidence has already demonstrated that vascular endothelial growth factor (VEGF), HGF, and other cytokines are elevated in the peritoneal fluid (PF) of women with endometriosis and are associated with the growth and progression of endometriosis (13) (14) (15) (16) . However, most of these studies described a relationship between the changes in the concentrations of HGF, VEGF or other cytokines in the PF and advanced staging of endometriosis. The detail information regarding the changes in the PF levels of HGF in the different revised-ASRM staging and color appearances of women with pelvic endometriosis has been lacking.
The only report by Zong LL et al. (17) described the parallel measurement of HGF concentration in serum and PF and distributed HGF results according to the r-ASRM staging of endometriosis. However, this study did not inform the relationship of HGF concentration in PF or serum with the color Khan KN et al. Page 6 appearances of endometriosis.
An elevation in the PF concentrations of HGF, VEGF and interleukin-6 (IL-6) in advanced endometriosis have been reported recently (15, 16) . Osuga et al. (15) demonstrated that PF concentration of HGF in women with advanced endometriosis was significantly higher than those from women without endometriosis and found no difference from women with early endometriosis. However, both of these studies did not clarify the coexistence of colored lesions in pelvic cavity or chocolate cysts in their grouping of samples that could overestimate their results of VEGF or HGF in advanced endometriosis.
The only report from our laboratory demonstrated that changes in the PF levels of HGF have an association with estradiol and both of them are elevated in the early stage of endometriosis and especially in those women with endometriosis harboring dominant distribution of highly active red peritoneal lesions (18) . Therefore, we tried to measure HGF concentrations in the PF of women with or without endometriosis and investigated their relationship in different revised-ASRM staging and morphologic appearances of endometriosis. With the speculation in mind that changes in the serum levels of HGF could be useful to predict the staging or activity of endometriosis, we also measured HGF in the serum of a fraction of these women with or without endometriosis. Finally, in an attempt to investigate the source of local production of HGF in pelvic environment, we examined the production of HGF by the basal and lipopolysaccharide (LPS) stimulated-macrophages (Mφ) derived from the PF and endometrial stroma of women with or without endometriosis.
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Materials and Methods
Subjects. For the measurement of HGF in peritoneal fluid (PF group), a total of 137 women between 15 and 43 years of age undergoing laparoscopy either for pelvic pain, dysmenorrhea and/or for infertility were recruited in this study. A total of 57 women between 17-39 years of age who were free of endometriosis but operated for dermoid cyst or other benign ovarian tumors by laparoscopy formed the control group. We excluded women with uterine myoma or pelvic inflammatory disease as a control group who were investigated for infertility by laparoscopy and have a normal pelvis. Because, PF of these women contains a higher concentration of different macromolecules as found by our ongoing study or as described elsewhere (19, 20) .
We tried to collect blood sampling from all these women before laparoscopy. However, a majority of these women refused to do so for their previous painful experience and/or for experimental purpose. Therefore, a parallel collection of sera was performed and stored from a part of these women who gave informed consent. We measured HGF in serum derived from these women, 37 women with endometriosis and 21 women without endometriosis (serum group). Since HGF can also be produced by blood cells, liver cells and kidney cells, we simultaneously performed hematology tests, liver function tests and renal function tests in all these women.
Endometriosis was diagnosed laparoscopically and histologically for all women in the study group. The extent of the disease was staged according to the revised-classification of American Society of Reproductive Medicine (revised-ASRM) (21) . The distribution of patients in different revised-ASRM staging of endometriosis was as follows: serum group, stage I-II, n=19 and stage III-IV, n=18; PF group, Khan KN et al. Page 8 stage I-II, n=75 and stage III-IV, n=62. Neither the study group nor the endometriosis free group had been on hormonal medication in the 3 months prior to the surgical procedure. All control women and women with endometriosis had regular menstrual cycles (28-32 days) . The phase of the menstrual cycle was determined by histological dating of eutopic endometrium samples taken simultaneously with the peritoneal fluid samples. Menstrual dating was carried out by an independent pathologist. All induced menstrual cycles were excluded from the current study.
Peritoneal lesions of endometriosis were diagnosed by their macroscopic appearance according to published criteria (22) and categorized as red, black and white lesions as proposed in the latest revision of the ASRM classification (21) . Depending on the translucency or transparency of the red lesions, we divided red peritoneal lesions into blood-filled opaque or nontransparent red lesions and non-opaque or transparent/translucent red lesions as already described recently (23) . In this recent study, we demonstrated that opaque red lesions displayed the highest activity in women with endometriosis even when we isolated the presence of any single coexisting opaque red lesion from the women containing dominant black or white lesions. Therefore, the grouping of patients according to color appearance of endometriosis for our current study was done as follows: (1) and video evidence of recorded file during laparoscopy as we reported previously (18, 23) .
The distribution of women having different peritoneal lesions was as follows: serum group, red lesion, 11; combined black and white, 11; chocolate cysts, 15; PF group, red lesion, 36; combined black and white, 49; chocolate cysts, 44. This study was approved by the Institutional Review Board (IRB) of our University and informed consent was obtained from all women.
Collection of peritoneal fluid and serum. All visible PF was aspirated from the anterior and posterior cul-de-sac via a second puncture using a 4 mm metal cannula connected to an extension tube, before any internal manipulation and with the patient still in the horizontal supine position. The PF was transferred into sterile plastic tubes and kept on ice until arrival at the laboratory. The samples were then clarified by centrifugation at 1500 g for 10 minutes; the supernatants were isolated and stored at -70℃ until assayed. Samples contaminated with blood from puncture sites were not included. Blood samples were collected from the women in the serum group before laparoscopy, centrifuged to collect sera and stored at -70℃ until assayed HGF assay in peritoneal fluid and serum. All PF samples and sera were prospectively collected and assays were performed retrospectively. Peritoneal fluid and serum concentrations of HGF were measured in duplicate, using a commercially available sandwich enzyme linked immunosorbent assay (ELISA) developed by R & D system in a blind fashion (Quantikine, R & D system, Minneapolis, MN). The antibody used in HGF determination was raised against recombinant human HGF and do not cross-react with other cytokines. The limit of detection was 40.0 pg/mL for HGF. Both the intra-assay and inter-assay coefficients of variation were <10% for this assay.
Collection of PF macrophages, endometrial and endometriotic stroma in primary
Khan KN et al. Page 10 culture. We collected stroma from the eutopic endometrium of six women with endometriosis and six women without endometriosis. Stroma was also isolated from six endometriotic lesions as collected from three women with pelvic endometriosis (n=3) and from three chocolate cysts (n=3). The procedures of isolation of Mφ and stroma in primary culture were described previously in detail (24) (25) (26) . Briefly, Peritoneal fluid samples were centrifuged at 400 x g for 10 minutes and the cellular pellet was under-layered with Lymphocyte Separation Medium (ICN, Aurora, OH) and centrifuged at 400 x g for 10 minutes. Macrophages were collected from the interface and cultured in RPMI-1640 medium (GIBCO, Grand Island, NY) supplemented with 100 IU/mL of penicillin G, 50 mg/mL of streptromycin, 2.5 μg/mL of amphotericin B and 10% fetal bovine serum at 37℃ in 5% CO 2 in air.
The macrophages were allowed to adhere to the culture plate for 2 hours, after which the non-adherent cells were removed by washing the plates three times with RPMI medium. The adherent cells remaining on the plates were more than 95% macrophages as determined by their morphology and by immunocytochemical staining using CD68 (KP1), a mouse monoclonal antibody from Dako, Denmark. The cells used for immunocytochemical staining were plated in four-well chamber slides (Nunc, Naperville, IL) and grown to near confluence. Non-immune mouse immunoglobulin (Ig) G1 antibody in 1:50 dilution was used as a negative control. A counter staining of macrophages was also performed and we did not find any contaminating cells in isolated macrophage (data not shown).
Stroma was collected from the biopsy specimens of the eutopic and ectopic endometrium derived from the women with or without endometriosis. Briefly, specimens obtained at biopsy were placed immediately in a 1:1 mixture of Dulbecco's modified Eagle's mwedium-F-12 Medium (DMEM-F12; GIBCO BRL, Grand Island, NY) supplemented with 100 U of penicillin per mL (Sigma,
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St. Louis, MO), 100 μg of streptomycin per mL (Sigma), and 2.5μg of amphotericin B per mL (GIBCO BRL). Tissues were then minced into small pieces and incubated for 90 minutes at 37℃ in a shaking water bath in phosphate-buffered saline (PBS) with 2.5% collagenase (Wako, Tokyo, Japan), 100 U of penicillin per mL, 100μg of streptomycin per mL, and 2.5μg of amphotericin B per mL. The suspension consisted of single stromal cells and fragments of epithelial cells. Cells were pelleted by centrifugation and then were resuspended in fresh medium. After the cell suspension was filtered through a 106-μm monofilament nylon mesh, it was washed and resuspended in 10mL of prewarmed medium containing 10% fetal bovine serum.
The cells then were separated from the remaining fragments of epithelial cells by differential sedimentation and adhesion as described previously (24) (25) (26) . Finally, the cells were resuspended and transferred to the culture dish and then were incubated for 30 minutes at 37℃ in 95% air and 5% CO 2 .
Non-adherent cells were discarded and the attached stromal cells were cultured further with a change of medium every 2-3 days.
The characteristics of the cultured stromal cells were determined by morphological and immunocytochemical studies. The isolated cells were placed in four-chamber slide (Nunc, Naperville, IL). After 24 hours, the slides were washed in PBS, fixed with 4% paraformaldehyde for 10 minutes, and rinsed with PBS. Slides then were incubated in 0.1% Triton X-100 for 5 minutes and incubated for 3 hour in 37℃ as follows: against human cytokeratin monoclonal antibodies (mAb) (epithelial-cell specific) at a dilution of 1:50 (MNF 116;Dako, Denmark), against human vimentin mAb (stromal cell specific) at a dilution of 1:20 (V9; Dako), against human von Willebrand factor mAb (endothelial-cell specific) at a dilution of 1:50 (Dako), and against CD45 mAb (other leukocytes) at a 1:50 (Dako) dilution.
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The specificity of the immunocytochemical staining was confirmed by the deletion of the first antibody.
Immunocytochemical staining was performed on at least three different isolated cells with similar results.
A counter staining of stroma was also performed to exclude the contamination of epithelial cell or endothelial cell in isolated stromal cell culture (data not shown).
The isolated Mφ and stroma were serum starved for 24 hour and then were treated with or 
Results
Patients' characteristics. The mean ages of control group and women with endometriosis in the PF group were 29.5 ± 4.7 years vs. 30.2 ± 5.6 years (mean ± SD), respectively and no differences in age were observed between them. There was also no difference in the mean ages between control women and endometriosis women in the serum group. We found no significant difference in peripheral blood cells, hepatic enzymes and renal function tests between women with or without HGF levels in serum and PF depending on staging of endometriosis. We did not find any difference in serum HGF levels between women with endometriosis (687±53.3 pg/mL) and control women (675.1±40.9 pg/mL). In contrast, PF of women with endometriosis showed a significantly higher concentration of HGF (1451.7±90.7 pg/mL) than that of women without endometriosis (1120.5±77.3 pg/mL, p<0.01) as shown in Figure 1 . Kruskal-Wallis test indicated an increased levels of HGF in the secretory phase and menstrual phase in control women and women with endometriosis, respectively (<0.05 for both, PF group).
When we distributed all these women of serum and PF group in different revised-ASRM staging, we didn't find any difference in serum and PF levels of HGF between women with early endometriosis (stage I-II) and advanced endometriosis (stage III-IV) ( Figure 2 ). According to different phases of menstrual cycle, Kruskal Wallis-test again indicated a remarkable increase of HGF in the menstrual phase of women with stage I-II endometriosis, although there was no menstrual phase difference of HGF in women with stage III-IV endometriosis (p<0.05, Figure 2 ). This elevated levels of HGF in menstrual phase was only observed for the women in the PF group.
HGF levels in serum and PF depending on morphologic appearance. We divided all samples of endometriosis in serum group and PF group according to the distribution of morphologic After multiple comparisons among these three groups of women distributed by color appearance and chocolate cysts, Kruskal-Wallis test showed that women having opaque or other dominant red lesions released highest levels of HGF in serum (p<0.05, Figure 3 ).
Again, a marked elevation in the PF concentrations of HGF was observed in women containing red peritoneal lesions (1685±183.4 pg/mL) comparing to women having combined black and white lesions (1224±67.8 pg/mL, p<0.05) and also to women containing chocolate cysts (1118±83.1 pg/mL, p<0.01, Figure 3 ). Multiple comparisons among these three groups of women by using Kruskal-Wallis test demonstrated the highest levels of HGF in PF of women who harbored red lesions in pelvic cavity (p<0.05). These increased levels of HGF in women containing red lesions (both serum and PF group) were also significantly higher than that of women without endometriosis (data not shown).
There was no woman in the menstrual phase in serum group. We excluded eight cases of menstrual phase in PF group of endometriosis due to their inhomogenous distribution according to color appearances and chocolate cysts. No apparent differences in serum HGF levels were noticed between proliferative phase and and secretory phase among these three groups of women ( Figure 3 ). However, a significant elevation of HGF in PF was observed in the secretory phase of women containing red lesions (p<0.05) and in the proliferative phase of women having chocolate cysts (p<0.05 Figure 3 ).
Production of HGF by basal and LPS-stimulated PF macrophages, endometrial and
endometriotic stroma. In order to verify our elevated results of HGF in PF, we examined the production
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of HGF by the isolated Mφ derived from the PF and endometrial and endometriotic stroma derived from women with or without endometriosis. We found that both basal and LPS-treated stroma were the main source of HGF production than that of Mφ. We determined the dose of LPS (5ng/mL) from a previously described dose-dependent study of LPS (25) . In fact, both basal and stimulated-stroma from the eutopic endometrium produced a 3-4 times higher concentration of HGF than that of Mφ (Figure 4 ).
This production of HGF by stroma was more remarkable in women with endometriosis than that of non-endometriosis (p<0.01). In contrast, a small but a significant amount of HGF was also produced by the peritoneal Mφ of women with endometriosis than that of non-endometriosis (p<0.05) (Figure 4 ).
Although there was no variation in the production of HGF by the basal Mφ between women with or without endometriosis, a significant increase in the secretion of HGF by the basal stroma was observed in women with endometriosis than that in non-endometriosis (p<0.01).
When we examined HGF production by the stroma of pelvic endometriosis and stroma of chocolate cysts derived from a fraction of these women, we found that stroma derived from chocolate cysts produced a significantly less concentrations of HGF than that derived from blood-filled opaque lesions of pelvic endometriosis. However, there was no difference in HGF production between stroma derived from ectopic endometrium and eutopic endometrium of women with pelvic endometriosis (data not shown).
Discussion
The revised-ASRM classification of endometriosis still retains some controversy regarding score-based staging of endometriosis and activity of disease. The advanced staging of revised-ASRM classification included the presence of variable sizes of ovarian endometrioma and coexistent extension
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of fibrosis in pelvic cavity. However, there is no information in this revised-ASRM classification about the lesion activity of endometriosis that may induce an inflammatory response in pelvic cavity and may be associated with infertility or pelvic pain of women containing active lesions of endometriosis. Our current study described an example of this important issue. We demonstrated parallel measurement of HGF in serum and PF of women with or without endometriosis and found that elevation in levels of HGF in both serum and PF were not associated with either early or advanced staging of endometriosis.
Instead, PF levels of HGF can differentiate women with endometriosis from non-endometriosis. In addition, we found that women containing blood-filled red morphologic lesions of endometriosis described previously (18) . After adjusting different variables in women with endometriosis, we found that active morphologic lesions rather than staging of endometriosis were independently associated with the increased concentrations of HGF in the PF.
Our findings of increased HGF concentrations in PF are in agreement with those of other published reports (27, 28) who demonstrated a similar elevation of other cytokines in women with endometriosis. In some recent studies (29) (30) (31) , higher IL-6, IL-8 and TNF-alpha concentration in PF were found to be associated with active lesions of endometriosis. Since, HGF promoter retains the response elements for all these cytokines including estradiol (32, 33) , we speculate that a synergistic action between cytokines and steroid hormone in pelvic microenvironment may stimulate the endometrial cells in eutopic or ectopic endometrium to produce and release HGF in PF. An interaction between innate immune system and ovarian steroid hormones with the consequent production of different cytokines including HGF has been recently described (34) . In fact, we already reported a parallel increase of HGF and estradiol in the PF of women with early endometriosis and in women having dominant distribution of red lesions in pelvic cavity (18) . In addition, active red lesions have been recognized as peritoneal lesions with higher mitogenic and angiogenic activity (14, 28) . Although data not shown, it was interesting to observe that stromal cells derived from peritoneal lesions and their corresponding eutopic endometrium equally produce increased concentration of HGF in the culture media, however, stroma derived from chocolate cyst generate less amount of HGF.
Further studies are required to confirm our current findings. We assume that HGF in PF derives largely from eutopic and ectopic endometrial tissues and is involved in the growth and progression of freshly implanted peritoneal lesions. This could constitute a substantial percentage of HGF in serum during menstrual phase as reported by Negami et al. (37) .
In conclusion, our results suggest that increased HGF levels in either serum or PF failed to differentiate women between early and advanced endometriosis as recommended by revised-ASRM classification. Instead, it is the red color appearance of endometriosis in pelvic cavity and the local production of HGF that were associated with elevated concentrations of HGF in both serum and PF.
These results correspond to the activity of endometriosis rather than extension of disease as described by r-ASRM staging. Although it is premature to use HGF as a non-surgical tool to predict the activity of endometriosis, a multi-center study collecting large samples are needed to establish the clinical application of our current result. Again, our results further emphasize the importance in finding necessary parameters to elucidate the activity of endometriosis and their possible involvement in infertility. 
